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The work presented in this paper is part of the study which aims at determining the levels of elements in hair of children
in Tanzania as a bioindicator of their nutrition and health. In this paper, the levels of trace elements in hair from children
living in Dar es Salaam have been analysed. The analysis was carried out by long and short irradiation INAA at the reactor
centre of the Institute of Nuclear Physics, Rez Czech Republic. 22 samples were collected from children living at Kiwalani about
12 km from Dar es Salaam city and 16 samples from children living at Mlimani, the main campus of University of Dar es
Salaam. A total of 34 elements were found in the hair of the children. There were no big diﬀerences between the concentration
levels of the essential elements in hair samples collected from the children which might indicate the same food consumption
habits.
1.Introduction
Trace element concentrations in human body are normally
determinedbytheanalysisofblood,serum,plasma,urine,or
hair. Hair has an advantage over blood and urine as it accu-
mulates elements in higher concentrations [1] and its collec-
tion is fast, painless, and easy [2]. Further more, the analysis
of hair gives long-term information on the behaviour of the
elements in the body (up to 2-3 years depending on length
of hair) in contrast to blood and urine which provide short-
terminformation[3].Hairisalsoastablebiologicalmaterial,
which can easily be stored at room temperature for a long
time without a change in its composition.
A number of researchers have used hair samples to assess
the nutritional and environmental exposure to humans.
OthmanandSpyrou(1980)reportedincreasedlevelsofmer-
cury (Hg) in hair samples collected from female adults and
children in the Machakos district in Kenya, which are associ-
ated with the use of Hg compounds as cosmetics and for
lightening the colour of the skin [4]. Airey [5], analysed hu-
manhairsamplesforHginrelationtoﬁshconsumption.The
results showed a direct relationship between mean hair Hg
and the rate of ﬁsh consumption and hence to the diet of the
society. Ikingura et al. (1996) reported concentrations of Hg
in hair samples which were consistent to the concentration
levels found in ﬁsh consumed by people living in the Lake
Victoria goldﬁelds in Tanzania [6]. Fordyce et al. (2000),
reported a clear link between dietary Se intake and its con-
centrations in hair [7]. Hair fromchildren has also been used
in several research projects to assess their health and nutri-
tional status [8–12]. The eﬀect of dietary factor, geographical
locations, and environmental exposure on the hair elemental
concentration of children from Tanzania has been presented
in a previous paper [13].
In this study, hair samples of children from two socioe-
conomic groups in Dar es Salaam have been analysed.
2. Sample Collection
A total of 34 samples of hair from children of age between 5–
15 years (Average 10 years) were collected from two regions
of Dar es Salaam representing two socioeconomic classes.
22 samples were collected from children living at Kiwalani
about 12km from Dar es Salaam city and 16 samples from2 International Journal of Analytical Chemistry
children living at Mlimani, the main campus of University of
Dar es Salaam. The children from Kiwalani had parents with
low income and primary school education whilst children
from Mlimani were from the academic staﬀ of the University
of Dar es Salaam. In this paper, the former group will be
considered as the low class while the later group as the
middle-class children.
About 70 to 500mg of hair was cut using precleaned
stainless steel scissors as near aspossible to the scalp fromthe
left side of the nape. All children or the parents (when a child
was below 7 years) were interviewed at the time of sampling
to obtain some general information on their health. The hair
samples were then cut into 1cm long strands put into plastic
bags and kept in desiccators.
3. Sample Preparations
The hair samples were washed according to methods pro-
posed by the IAEA 1977 [14]. The samples were then air
dried for a minimum of 48 hours in a clean room laboratory
and then inserted into a Polyethylene disc and sent to the Rez
reactor centre for irradiation.
4.Sample Analysis
The irradiations were carriedout in the nuclear reactor LVR-
15 of the Nuclear Research Institute ˇ Reˇ z, operated at 9 MW.
For short irradiation, samples and standards were irradiated
in the active core of the nuclear reactor. The samples and
standards were irradiated separately in polyethylene (PE)
rabbits for 1min, waited for 10min before counted for
10min.Afterirradiation,thecapsulescontainingthesamples
were surface washed with water and ethyl alcohol and
counted using a well-shielded n-type hyper pure germanium
detector (HPGe) of relative eﬃciency 20.8%.
For intermediate and long-lived irradiations, the samples
and standards were irradiated in a water-cooled Al can in
a channel located at the outskirts of the reactor core with
neutron ﬂuence rate 8 × 1013 and 2 × 1013 nc m −2 s−1 for
thermal and fast neutrons, respectively. The samples were
irradiated for 2 hours, followed by 4 days of initial decay
and 30min counting time. Further 2 hours counting was
carried out after 1 month decay. A total of 40 samples
and standards each wrapped in Al foil were placed in
one container of 9.5cm length to form a column and the
neutron ﬂux monitors (Fe disc of about 60mg and 10mm in
diameter) were inserted between each set of 5 samples with
the standards. After the irradiation, samples and standards
were counted in a shielded p-type HPGe detector of relative
eﬃciency 20.8%.
The concentration levels of the elements were calculated
by the comparative method of INAA, using multielement
standards (MES) [15]. Quality control was carried out
using certiﬁed hair reference material GBW 07601 (National
Research Centre for Certiﬁed Reference Materials, China),
NIST Orchid Leaves (SRM 1571), Apple Leaves (SRM 1515),
and Urban Particulate (SRM 1648) analysed with the
samples. As Table 1 shows, the experimental values were
all in good agreement with the certiﬁed values within 16%
deviation.
5. Results and Discussion
Twenty nine elements which are Ag, Al, As, Au, Ba, Br, Ca,
C d ,C e ,C l ,C o ,C r ,C u ,E u ,F e ,I ,K ,M g ,M n ,N a ,S ,S b ,S c ,
Se, Sm, Sr, U, V, Zn were detected in hair samples of children
living in two regions of Dar es Salaam (Table 2). The data
from the children living at Mlimani, the University of Dar es
Salaam (middle class) were compared with the data from the
children living in Kiwalani (low class). The Mann-Whitney
test indicated that children from Mlimani had signiﬁcantly
(P<0.05) higher concentrations of Al, K, Sr, and Sc
whilst children from Kiwalani had higher concentrations of
I .T h ee s s e n t i a le l e m e n t sZ ni nh a i rf r o mb o t hg r o u p sw e r e
similar (∼105µg/g) whilst Fe and Cu were slightly but not
signiﬁcantly (19% and 27%, resp.) higher in children from
Mlimani than children of the other group.
The mean concentrations for Zn and Cu in both groups
were lower than the mean concentrations of these elements
in children of the same age group reported in Kazakhstan,
Hong Kong, and Italy [10–12]. Hambidge et al. (1976),
reported Zn concentrations in the range of <105µg/g in
the hair of low-income children who had their hair Zn
concentration increased by 71% after 3 month of being
provided with rich in Zn meals [8]. In this study, 41% and
58%ofthesamplesfromKiwalaniandMlimani,respectively,
had concentration below 105µg/g. The mean concentration
of Cu from both groups were lower than the concentrations
reported in Kazakhstan, Hong Kong, and Italy, although
these values were within the range for normal concentration
ofhairCuinhealthychildren(6−23µg/g)reportedbyWeber
et al. [9]. Nevertheless, 14% and 8% of the samples from
Kiwalani and Mlimani, respectively, had concentrations of
less than 6µg/g, which Weber et al. (1990) obtained in the
malnourished children [9].
There were no statistical diﬀerences in the means of the
essential elements Fe, Zn, and Cu between the two groups
which might indicate similar consumption habits. Most of
the Tanzanian diets include cereals (rice and maize) as the
main dish and beans and green leaves are taken as sauces.
Normally the bioavailability of essential elements such as Fe
and Zn is low in cereals and food of plant nature because
t h e s ef o o d sh a v eh i g hc o n t e n t so fp h y t i ca c i da sw e l la sﬁ b e r s
and polyphenols, which form insoluble salts with Fe and Zn
and thus hindering their absorption [16]. The absorption
of Fe and Zn could be enhanced if a meal is taken with a
portion of animal protein because these proteins prevent the
elementsfromformingtheinsolublephytateswiththephytic
acid in the foods [17].
Since there were no big diﬀerences on essential elemental
concentration between the two groups, the observation
demonstrated that residents of Dar es Salaam irrespective
of their classes have the same food consumption habits.
Although the number of samples (22 for low class and 16
for middle class) was not big enough to come to a deﬁnite
conclusion, there is a need for nutrition awareness and dietInternational Journal of Analytical Chemistry 3
Table 1: The concentration levels of elements (µg/g) in four-standard reference materials obtained in this work (Exp.) together with the
certiﬁed values (Cert.).
Hair (GBW07601) Urban particulate (SRM 1648) Apple leaves (SRM 1515) Orchid leaves (SRM 1571)
Exp. Cert. Exp. Cert. Exp. Cert. Exp. Cert.
Na 139 ± 5.9 152 ± 10 4028 ± 21 4250 ± 20 29 ± 12 4 ± 18 1 ± 0.7 82 ± 6
K% 1.0 ±0.05 1.1 ±0.01 1.4 ±0.02 1.5 ±0.07
Al 277 ± 2 286 ± 9
S% 4.5 ±0.14 .3 ±0.2
Cl 26 ± 43 5 ∗ 564 ± 6 579 ± 23
V <0.2 0.03∗ 0.26 ±0.03 0.3 ±0.03
Mn 6 ± 0.2 6.3 ±0.55 2 ± 0.2 54 ± 3
Mg 2583 ± 15 2710 ± 80
Ca% 1.4 ±0.02 1.5 ±0.02
Cu 10 ± 0.8 10.6 ±0.7 545 ± 19 609 ± 27 7 ± 0.6 5.6 ±0.21 2 ± 0.7 12 ± 1
Zn 187 ± 12 190 ± 5 4305 ± 53 4760 ± 140 22 ± 0.6 25 ± 2
Br 0.3 ±0.01 0.4∗ 494 ± 3 500 ± 25 1.2 ±0.11 . 8 9 ± 0.1 10 ± 1
Sr 21 ± 32 4 ± 1 207 ± 15 30 ± 43 7 ± 3
I0 .7 ±0.10 . 8 ∗
Ba 17 ± 0.4 17 ± 1 667 ± 92 737 ± 40 44 ± 14 9 ± 24 2 ± 44 4 ± 4
Dy <0.03 0.017
U0 .1 ± 0.001 0.09∗
As 0.3 ± 0.001 0.28 ±0.04 115 ± 1 115 ± 10 11 ± 0.1 10 ± 1
Cd <40 .11 ±0.02 79 ± 97 5 ± 70 .1 ±0.02
Sb 0.082 ±0.004 0.1 ±0.01 46 ± 24 5 ± 23 ± 0.1 3 ± 0.3
La 0.055 ±0.006 0.05 ±0.01 36 ± 0.5 44 ± 21 ± 0.02
Sm 0.012 ±0.002 0.012∗ 4 ± 0.03 4 ± 0.3 0.1 ±0.001
Au 0.003 ±0.001 0.0025∗
Sc 8 ± 0.1∗∗ 8 ± 1∗∗ 6 ± 0.2 7 ± 0.1 0.1 ±0.002 0.1 ±0.01
Cr <0.260 0.37 ±0.05 357 ± 9 403 ± 12 2.2 ±0.12 .6 ±0.3
Fe 52 ± 65 4 ± 6∗ 3.7 ±0.1% 3.9 ±0.1% 252 ± 11 300 ± 28
Co 0.07 ±0.006 0.07 ±0.01 16 ± 0.4 18 ± 20 .14 ±0.01 0.16 ±0.04
Se 0.60 ±0.06 0.60 ±0.03 25 ± 92 7 ± 10 .08 ±0.01
Ag <0.07 0.029 ±0.006 6 ± 0.3 6 ± 0.2
Ce 0.15 ±0.01 0.12 ±0.03 56 ± 15 5 ± 41 ± 0.1 1 ± 0.1
∗Not certiﬁed.
∗∗ng/g.
planning for both groups especially as the middle class group
could aﬀord to have additional animal protein in their meals
to enhance the absorption of Fe and Zn. Education pro-
grammes of food and nutrition are an alternative way of pro-
moting nutritional awareness in a population. This method
could be eﬀective in any society because malnutrition is not
always a result of not having enough food; sometimes it is
just on how to turn the foods into nutritious meals.
6. Conclusion
The results in this study showed no big diﬀerences between
the means of the essential elements Fe, Zn, and Cu in hair
samples collected from children in the two socioeconomic
classes living in Dar es Salaam. This observation might
indicate the same food consumption habits. The mean
concentrationsforZnandCuinbothgroupswerelowerthan
the mean concentrations of these elements in children of the
same age group reported in Kazakhstan, Hong Kong, and
Italy [10–12]. Although the number of samples was not big
enough to come to a deﬁnite conclusion, the socioeconomic
classes of children in Dar es Salaam did not have much
inﬂuence on their hair elemental concentrations. Since the
concentration of hair Zn has been associated with nutrition,
poverty, and/or cultural habits of the people [18], education
on nutrition awareness and diet planning is needed for all
sociogroupsinTanzaniaespeciallyasthehigh-incomegroup
could aﬀord to have balanced diet.4 International Journal of Analytical Chemistry
Table 2: The concentration of elements in µg/g (mean ± Std. error
mean) found in hair children living in Dar es Salaam.
Elements Mlimani (n = 16) Kiwalani (n = 22)
Na 15.93 ±2.71 31.17 ±6.14
Mg 74 ± 13 113 ± 26
Al 103 ± 14 72 ± 14
S 46114 ± 577 46827 ± 582
Cl 1305 ± 142 1274 ± 192
K4 4 .78 ±6.00 30.51 ±4.93
Ca 447 ± 36 490 ± 48
V0 .18 ±0.02 0.15 ±0.03
Mn 4.88 ±1.00 7.77 ±1.24
Cu 10.64 ±1.54 8.37 ±0.53
Zn 104 ± 9 107 ± 4.81
Br 6.29 ±0.87 6.34 ±0.78
Sr 28.04 ±2.25 7.42 ±1.50
I3 .55 ±1.03 6.74 ±0.88
Ba 11.62 ±2.31 6.67 ±0.51
U0 .062 ±0.003 0.05 ±0.01
As 0.22 ±0.06 0.17 ±0.02
Sb 0.30 ±0.06 0.40 ±0.10
La 0.13 ±0.03 0.29 ±0.11
Sm 0.023 ±0.004 0.013 ±0.002
Au 0.13 ±0.08 0.16 ±0.04
Sc 0.014 ±0.002 0.009 ±0.002
Cr 0.40 ±0.06 0.33 ±0.05
Fe 59 ± 75 0 ± 9
Co 0.10 ±0.02 0.19 ±0.07
Se 0.49 ±0.02 0.84 ±0.36
Ag 0.15 ±0.02 0.24 ±0.03
Ce 0.31 ±0.03 0.02 ±0.17
Eu 0.025 ±0.001 0.116 ±0.002
Acknowledgments
This research project has been supported by the European
Commission under the 6th Framework Programme through
the Key Action: Strengthening the European Research Ar-
ea, Research Infrastructures, Contract no.: RII3-CT-2003-
505925. Theauthorswouldalsolike toacknowledgetheFord
Foundation and the International Programme in Physical
Sciences of the University of Uppsala (IPPS) for ﬁnancial
assistance and the staﬀ of NPI Rez, Czech Republic for their
technical advise and support.
References
[1] V. Iyengar and J. Woittiez, “Trace elements in human clinical
specimens: evaluation of literature data to identify reference
values,” Clinical Chemistry, vol. 34, no. 3, pp. 474–481, 1988.
[2] J. Dombov´ ari and L. Papp, “Comparison of sample prepa-
ration methods of elemental analysis of human hair,” Micro-
chemical Journal, vol. 59, no. 2, pp. 187–193, 1998.
[3] I. Rodushkin and M. D. Axelsson, “Application of double
focusing sector ﬁeld ICP-MS for multielemental characteriza-
tionofhumanhairandnails.PartII.Astudyoftheinhabitants
of northern Sweden,” Science of the Total Environment, vol.
262, no. 1-2, pp. 21–36, 2000.
[4] I. Othman and N. M. Spyrou, “The abundance of some
elementsinhairandnailfromtheMachakosdistrictofKenya,”
Science of the Total Environment, vol. 16, no. 3, pp. 267–278,
1980.
[5] D. Airey, “Total mercury concentrations in human hair from
13countriesinrelationtoﬁshconsumptionandlocation,”Sci-
enceoftheTotalEnvironment,vol.31,no.2,pp.157–180,1983.
[6] J. R. Ikingura, H. Akagi, J. Mujumba, and C. Messo, “Environ-
mental assessment of mercury dispersion, transformation and
bioavailability in the Lake Victoria Goldﬁelds, Tanzania,”Jour-
nal of Environmental Management, vol. 81, no. 2, pp. 167–173,
2006.
[7] F. M. Fordyce, Z. Guangdi, K. Green, and X. P. Liu, “Soil, grain
and water chemistry in relation to human selenium-respon-
sive diseases in Enshi District, China,” Applied Geochemistry,
vol. 15, no. 1, pp. 117–132, 2000.
[8] K. M. Hambidge, P. A. Walravens, R. M. Brown et al., “Zinc
nutrition of preschool children in the Denver Head Start
program,” American Journal of Clinical Nutrition, vol. 29, no.
7, pp. 734–738, 1976.
[9] C. W. Weber, G. W. Nelson, M. Vazquez De Vaquera, and P. B.
Pearson, “Trace elements in the hair of healthy and malnour-
ishedchildren,” JournalofTropicalPediatrics,v ol.36,no .5,p p .
230–234, 1990.
[10] C. K. Man, Y. H. Zheng, and P. K. Mak, “Hair analysis of spas-
tic children in Hong Kong,” Science of the Total Environment,
vol. 191, no. 3, pp. 291–295, 1996.
[11] N. Violante, O. Senofonte, G. Marsili, P. Meli, M. E. Soggiu,
and S. Caroli, “Human hair as a marker of pollution by chem-
ical elements emitted by a thermoelectric power plant,” Micro-
chemical Journal, vol. 67, no. 1–3, pp. 397–405, 2000.
[12] M. Chiba, K. Sera, M. Hashizume et al., “Element concentra-
tions in hair of children living in environmentally degraded
districts of the East Aral Sea region,” Journal of Radioanalytical
and Nuclear Chemistry, vol. 259, no. 1, pp. 149–152, 2004.
[13] N. K. Mohammed, J. Mizera, and N. M. Spyrou, “Elemental
contents in hair of children from Zanzibar in Tanzania as bio-
indicatoroftheirnutritionalstatus,” JournalofRadioanalytical
and Nuclear Chemistry, vol. 276, no. 1, pp. 125–128, 2008.
[14] IAEA, Activation Analysis of Hair as an Indicator of Contam-
ination of Man by Environmental Trace Element Pollutants.
A cooperative Report on the Co-ordinated Research Pro-
gramme: nuclear-based methods for Analysis of Pollutants in
Human Hair. Report IAEA/RL/50, 1977.
[15] Z. ˇ Randa,M.Vobeck´ y,J.Kunc´ ır,andJ.Benada,“Multielement
standards in routine reactor neutron activation analysis,” Jour-
nal of Radioanalytical Chemistry, vol. 46, no. 1, pp. 95–107,
1978.
[16] N. Mart´ ınez-Navarrete, M. M. Camacho, J. Mart´ ınez-
Lahuerta,J.Mart´ ınez-Monz´ o,andP.Fito,“Irondeﬁciencyand
iron fortiﬁed foods—a review,” Food Research International,
vol. 35, no. 2-3, pp. 225–231, 2002.
[17] E. R. Morris, Trace Elements in Human and Animal Nutrition,
Edt Mertz, London, UK, 5th edition, 1987.
[18] J. Erten, A. Arcasoy, A. O. Cavdar, and S. Cin, “Hair zinc levels
in healthy and malnourished children,” American Journal of
Clinical Nutrition, vol. 31, no. 7, pp. 1172–1174, 1978.